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(57) ABSTRACT

A parallel data interface and method 1s provided herein,
which adjusts a timing relationship of a clock signal to not
only minimize clock skew, but to also compensate for noise
components that may aflect one or more paths of a parallel
data bus. In some embodiments, the parallel data interface
includes a first phase generator coupled to generate a first
plurality of time delay pulses, and a first phase selector
adapted to select one of the first plurality of time delay
pulses to adjust the timing of a clock signal to sample each
and every one of the plurality of data signals between
minimum setup and hold time thresholds. In some embodi-
ments, the parallel data mterface includes a second phase
generator coupled to generate a second plurality of time
delay pulses, and a second phase selector adapted to select
one of the second plurality of time delay pulses to adjust the
timing of the clock signal to output the plurality of data
signals from the data interface at least an amount of time
(1.e., an access time) after the adjusted clock transition 1s
output from the data interface.
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PARALLEL DATA INTERFACE AND
METHOD FOR HIGH-SPEED TIMING
ADJUSTMENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a data interface that receives a
plurality of data signals from a parallel bus, and accurately
samples each and every one of the data signals having
dissimilar transition times between transitions of a clock
signal. As such, the data interface 1s adapted to adjust a
timing relationship between a clock signal and the plurality
of data signals with a relative amount of phase delay
imparted to the clock signal. The data interface may be
included within a synchronous device or, more particularly,
within a communications system or network to receive
and/or transmit the plurality of data signals over a parallel
data bus.

2. Description of the Related Art

The following descriptions and examples are given as
background only.

A synchronous device 1s a device in which data may be
transierred from one edge-sensitive element to another in
response to an active transition of a clock signal. Similarly,
a synchronous system may be defined as a system 1n which
data 1s transferred from one synchronous device (e.g., a
transmitter) to another synchronous device (e.g., a receiver)
in response to a clock transition. In some cases, data may be
transierred 1n a single direction from transmitter to receiver
over an internal or external bus. In other cases, however,
data transfer may be bi-directional. In such a case, a first
synchronous device may be referred to as a host, while a
second synchronous device may be referred to as a trans-
ceiver. In any case, the clock signal may be transferred along
with the data signal from transmitting to receiving portions
of the synchronous system.

In order to successtully implement a synchronous system,
it 1s beneficial to properly align the clock signal to the data
being sampled at the input latches of the receiving portion of
the system. Such alignment often entails ensuring the data
transition occurs at the proper moment between the edges or
active transitions of the clock signal. Synchronous systems,
therefore, rely on data transitioning and remaining stable
from a time at least a “setup time” before a clock transition
until at least a “hold time” after the clock transition. For
example, FIG. 1 1llustrates a data signal that i1s stable for a
setup time, t_ , before the active edge of the clock signal. In
addition, FIG. 1 1llustrates the data signal remaining stable
for a hold time, t,, after the active edge of the clock signal.
In some cases, circuit elements of the recerving portion may
be coupled to recerve the data signal after 1t 1s sampled at the
clock transition. These circuit elements may rely on the
sampled data transitioning at least an amount of time, t__,
alter a clock transition as illustrated in FIG. 2. Such an
amount of time may represent the length of time 1n which
circuit elements of the recerving portion wait to receive the
sampled data signal after receiving the sample clock tran-
sition. In some cases, the amount of time 1s comparable to
the propagation delay through output latches of the data
interface within the receiving portion. Thus, the amount of
time, t_,, maybe generally referred to as “clock to output Q
time” or positive “access time.”

Most synchronous systems have stringent setup, hold, and
access timing requirements, which are typically specified by
a manufacturer of the system. In addition, the margin of time
in which a clock transition can sample a data signal between
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data setup and hold times generally decreases as the clock
transition Irequency increases (1.e., as operation speed
increases). As such, high-speed synchronous systems usu-
ally cannot afford sigmificant skewing of the clock signal
relative to data signal transitions. In general, clock skew
may be described as a variation 1n the arrival times between
two signals, which are specified to occur at the same time.
Because clock signals are used to drive many of the com-
ponents within synchronous systems, any variation in the
arrival of a clock transition may significantly impact system
performance and/or reliability.

In some cases, clock skew significantly affects the timing,
margins ol synchronous systems, such as setup, hold, and
access time margins, by decreasing the predictability of the
arrival of a clock transition. For example, edge-sensitive
tlip-tflops may be used to sample mncoming data signals. In
such an example, a tlip-flop may successfully latch a data
signal 11 the data signal 1s stable during critical setup and
hold periods on either side of the clock transition. In some
cases, however, clock skew may shift the clock transition
sufliciently 1in time to cause a bit error to occur when the data
1s sampled. A bit error, as described herein, 1s a sampling
error that occurs when a clock transition incorrectly samples
a data signal. In other words, a logic value of a data signal
output from a latch may not equal a logic value of the data
signal mput to the latch.

In addition, clock skew may reduce the cycle time within
which information can be passed from one device to the
next. As system speeds increase, clock skew may become an
increasingly large portion of the total cycle time. When cycle
times were S0 ns, for example, clock skew could occupy as
much as 20% of the cycle time without degrading system
performance. In high-speed systems having cycle times
approaching 15 ns or less, however, only 10% of the timing
budget may be allocated to clock skew. If clock skew
exceeds such an allocated amount, the system will most
likely perform unreliably.

Although numerous techniques are used in an eflort to
minimize clock skew, most techniques cannot 1n all condi-
tions ensure a data signal transition occurs at the critical
moment between clock signal edges. In some cases, an
external component may be added to the clock path 1 an
eflort to minimize clock skew. In such a case, the external
component may add a fixed amount of time delay to the
clock path 1n an attempt to align the clock transition within
the data timing margins of the recerving synchronous device.

FIG. 3 1illustrates external component 5, which may
include, for example, one or more buflers, a programmable
logic device (PLD), or an application specific integrated
circuit (ASIC). In one example, a matrix of bullers may
include a plurality of parallel lines, each of which include a
different number of buffers. In this manner, each of the
plurality of parallel lines 1s adapted to impart a different
amount of delay at its output. As such, the matrix of builers
may be used (in conjunction with a line selecting device,
such as a multiplexer) to add a slightly variable amount of
delay to the clock path. The selection of delay amounts,
however, 1s undesirably fixed by the circuit design and
cannot be changed by the user. In another example, a
programmable logic device (PLD) generally includes com-
binational and/or sequential logic, which can be defined by
the user and programmed into the device. As such, a PLD
may be programmed to provide a variable amount of delay
to the clock path. A PLD, however, generally exhibits low
operating speeds, such as operating speeds of 150 MHz or
below. As such, a PLD may not be fast enough to accom-
modate high-speed synchronous systems having operating
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speeds substantially greater than 150 MHz. An application
specific integrated circuit (ASIC), on the other hand, may
provide a variable amount of delay to the clock path at
possibly higher operating speeds than a PLD. ASICs, how-
ever, are typically very expensive and their performance 1s
often highly sensitive to any impedance mismatches at the
inputs and outputs of the device. In addition, adding any
external component tends to undesirably increase the finan-

cial cost, power, and area consumed by the synchronous
system.

Alternatively, FIG. 4 1llustrates an internal data interface
10, which may be included within a synchronous system.
Internal data interface 10 may use a phase-locked loop
(PLL) or delay-locked loop (DLL) device to add a substan-
tially consistent amount of delay to the clock path. Gener-
ally, a PLL 1s a closed-loop device that uses a voltage-
controlled oscillator (VCO) to obtain accurate phase and
frequency alignment between a feedback clock signal and a
reference clock signal. A DLL device, on the other hand,
differs from a PLL device 1n that 1t generally uses a delay
line 1nstead of a VCO to obtain accurate phase alignment
between the feedback clock signal and the reference clock
signal.

In some cases, a PLL or DLL device (reference numeral
12) may be used to add a substantially consistent amount of
delay to the clock path, which adjusts the active edge of the
clock signal before clocking mput latch 14 of data interface
10. As such, PLL/DLL device 12 may be used to reduce
clock skew by adjusting the timing of the clock signal to
occur within the data setup and hold time requirements of a
transmitting portion of the synchronous system. Bufler
device 16 may be included within the clock path to account
tor the propagation delay added to the data path by latch 14.
In addition, another PLL or DLL device (reference numeral
22) may be used to add another amount of delay to the clock
path, which adjusts the active edge of the clock signal after
clocking output latch 20 of data interface 10. In this manner,
PLL/DLL device 22 may be used to reduce clock skew by
adjusting the timing of the clock signal to occur aiter at least
a data access time requirement of a receiving portion of the
synchronous system. Similar to bufler device 16, bufler
device 18 may be included within the clock path to account
for propagation delays, which may be added to the data path
by circuit elements arranged between mput latch 14 and
output latch 20.

One disadvantage of internal data intertace 10, however,
1s that the amount of delay imparted to the clock path 1s
undesirably fixed by the circuit design. As stated above, the
margin of time 1n which a clock transition can sample a data
transition between data setup and hold times decreases
proportionally as the frequency of the clock transition
increases. In this manner, a fixed delay may {fall further
outside of such a timing margin as the frequency of the clock
transition increases. Thus, a delay error tolerance of data
interface 10 may decrease as operating speeds increase.

In addition, though internal data interface 10 provides a
substantially consistent amount of clock path delay, 1t does
not guarantee that the timing along the data path 1s correct.
In a synchronous system, for example, which utilizes a
parallel data bus (1.e., a plurality of parallel data paths) to
transier data between transmitting and receiving portions,
interference between individual paths of the parallel data bus
may introduce an unpredictable amount of delay to one or
more of the individual paths. As such, even though internal
data interface 10 may reduce the affects of clock skew,
interference within the parallel data bus may skew the data
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4

signals separate from one another thereby causing one or
more of the data signals to be sampled incorrectly.

Therefore, 1t would be beneficial to provide an improved
data interface for a synchronous system. Such an improved
data interface would preferably reduce the aflects of data
path interference in addition to reducing the aflects of clock
skew. Furthermore, the improved data interface would oper-
ate at high or low operating speeds without compromising
data integrity. Moreover, the improved data intertace would
consume substantially less power and area, and cost less
than conventional solutions.

SUMMARY OF TH.

INVENTION

(L]

The problems outlined above may be in large part
addressed by a parallel data interface that adjusts a timing
relationship of a clock signal to not only minimize clock
skew, but to also compensate for noise components, such as
data skew and jitter, which may affect one or more paths of
a parallel data bus. In this manner, a plurality of data signals
having dissimilar transition times can be accurately sampled
by adjusting a clock transition to occur at a time that best
suits substantially all of the plurality of data signals. As such,
the data interface provides error-free data transmission
regardless of unpredictable timing delays along the clock
and/or data paths. In general, such a data interface may be
included within transmitting and/or receiving portions of
any synchronous system.

In some embodiments, the parallel data interface prefer-
ably includes a first phase generator coupled to generate a
first plurality of time delay pulses. In addition, the parallel
data interface preferably includes a first phase selector
coupled to select one of the first plurality of time delay
pulses (1.e., a “best phase™) to adjust the timing of a clock
signal to accurately sample each and every one of the
plurality of data signals of the parallel data bus. In other
words, the parallel data iterface 1s adapted to temporally
shift a transition of the clock signal by the select one of the
first plurality of time delay pulses to sample each and every
one of the plurality of data signals without the occurrence of
a bit error.

Furthermore, the first phase selector of the parallel data
interface preferably includes a first control signal generator
adapted to provide a control signal to select the “best phase™
time delay pulse. In some cases, the first control signal
generator 1s adapted to provide a control signal having an
adjustable number of bits, which determines the number of
time delay pulses generated by the first phase generator, as
well as a time difference between neighboring time delay
pulses. Therefore, based upon control signals provided by
the first control signal generator, the phase generator 1s
adapted to generate an adjustable number of time delay
pulses that are separated by an adjustable phase increment.
Thus, the parallel data interface 1s adapted to temporally
shift the clock transition by a highly adjustable and carefully
selected amount of time delay to compensate for noise
components, such as data skew and jitter, which may aflect
one or more paths of the parallel data bus.

Moreover, the parallel data interface preferably includes a
test access port coupled to the control signal generator. In
some cases, the test access port may be a serial port
including at least one 1input pin of the data interface. In other
cases, however, the test access port may be a parallel port
including a plurality of input pins of the data interface. In
any case, the test access port generally includes a number of
input pins substantially less than the number of phases
generated by the phase generator. In addition, calibration
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signals 1nput to the test access port may enable the control
signal generator to begin a calibration process, or alterna-
tively, to provide previously calibrated control signals to the
phase generator. In the latter case, previously calibrated
control signals result from hardwiring a “best phase” control
signal after performing a previous calibration process to
characterize a timing relationship between signals traversing
a clock path and each and every one of the paths of the
parallel data bus. Preferably, the hardwired control signal 1s
implemented with re-programmable circuit elements, which
advantageously reduces the overall power consumed by the
data interface while providing the user with flexibility 1n
talloring the data interface to one or more specific applica-
tions.

The parallel data interface preferably includes an input
latch coupled to receive a clock transition adjusted by the
select one of the first plurality of time delay pulses for
sampling each and every one of a plurality of data signals
input to the latch. In addition, the parallel data interface may
include error detection circuitry adapted to provide an error
signal to an output pin of the data interface, in some cases.
Such an error signal may be provided when a logic value of
at least one of the plurality of data signals output from the
latch does not equal a logic value of the respective data
signals 1nput to the latch.

In some cases, the control signal generator may be
adapted to sequentially select each one of the first plurality
of time delay pulses until a select one of the first plurality of
time delay pulses does not cause the error detection circuitry
to produce an error signal. In other cases, however, the
control signal generator may be adapted to programmably
select a different one of the first plurality of time delay
pulses until a select one of the first plurality of time delay
pulses does not cause the error detection circuitry to produce
an error signal. In any case, the select one of the first
plurality of time delay pulses adjusts the timing of the clock
transition 1n such a manner that each and every one of the
plurality of data signals are accurately sampled after a setup
time threshold and before a hold time threshold. In other
words, the timing of the clock transition 1s adjusted by a first
“best phase” amount of time delay to ensure that each and
every one of the plurality of data signals are sampled having
at least a mmimum setup time before the adjusted clock
transition and at least a minimum hold time after the
adjusted clock transition. In general, the setup and hold
times of the plurality of data signals are within specification
values of a transmitting portion of the synchronous system.

In some embodiments, the parallel data interface prefer-
ably includes a second phase generator coupled to generate
a second plurality of time delay pulses and a second control
signal generator coupled to modily a number of the time
delay pulses and a time difference between neighboring time
delay pulses output from the second phase generator. In
addition, the parallel data interface preferably includes a
plurality of data output pins coupled to receive the plurality
ol data signals from an output latch of the data interface. In
such an embodiment, the second control signal generator 1s
adapted to select, one at a time, a different one of the second
plurality of time delay pulses to be applied to a clock output
pin of the data interface.

In some cases, a time difference 1s measured between a
transition of the different one of the second plurality of time
delay pulses (from the clock output pin) and a transition of
at least one of the plurality of data signals (from at least one
of the plurality of data output pins). The time difference
determines a select one of the second plurality of time delay
pulses (1.e., a “best phase™) to adjust the timing of a clock
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transition coupled to the clock output pin, such that each and
every one of the plurality of data signals arrives at respective
data output pins aiter at least an access time threshold. In
other words, the timing of the clock transition 1s adjusted by
a second “best phase” amount of time delay to ensure that
the plurality of data signals are output from the data interface
an amount of time after the adjusted clock transition 1is
output from the data interface. In general, the amount of time
refers to an access time specification of a recerving portion
of the synchronous system.

In addition, a method for adjusting a timing relationship
between a clock transition and a plurality of data signals
input to a parallel data interface 1s provided herein. In some
cases, the method includes applying a select one of a first
plurality of time delay pulses to a clock path of the data
interface prior to clocking an mput latch of the data inter-
face. In some cases, the method includes applying a select
one of a second plurality of time delay pulses to the clock
path subsequent to clocking an output latch of the data
interface. In addition, the method includes applying a signal
to an input pin of the data interface to select between
predetermined control values and control values output from
a control signal generator.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention waill
become apparent upon reading the following detailed
description and upon reference to the accompanying draw-
ings in which:

FIG. 1 1s a timing diagram illustrating setup and hold
times ol a data signal relative to an active transition of a
clock signal;

FIG. 2 1s a ttiming diagram illustrating a positive access
time of a data signal relative to an active transition of a clock
signal;

FIG. 3 1s a block diagram illustrating an external com-
ponent coupled to a clock path between transmitting and
receiving portions of a synchronous system;

FIG. 4 1s a block diagram 1illustrating an internal data
interface coupled to a data path and clock path within one or
more portions of a synchronous system;

FIG. 5A 1s a block diagram illustrating a first portion of
an exemplary data interface including a serial test access
port;

FIG. 5B 1s a block diagram 1llustrating a second portion
of the exemplary data interface including the serial test
access port;

FIG. 6 15 a block diagram illustrating one embodiment of
a control signal generator as depicted in FIGS. 5A and 3B;

FIG. 7 1s a block diagram illustrating another embodiment
of a control signal generator as depicted 1n FIGS. 5A and 3B;

FIG. 8 15 a block diagram illustrating one embodiment of
a phase generator as a phase-locked loop (PLL) device;

FIG. 9 1s a block diagram 1illustrating one embodiment of
a control signal generator as depicted in FIGS. 10A and 10B;

FIG. 10A 1s a block diagram 1llustrating a first portion of
another exemplary data interface including a parallel test
access port;

FIG. 10B 1s a block diagram 1llustrating a second portion
ol another exemplary data interface including a parallel test
access port;

FIG. 11A 1s a timing diagram 1illustrating one embodiment
of a method for adjusting a timing relationship between a
clock transition and a plurality of data signals iput to a
parallel data interface, as depicted in FIGS. 5 and 10;
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FIG. 11B 15 a timing diagram illustrating minimum setup
and hold time thresholds of a data signal relative to an active
transition of an adjustable clock transition;

FIG. 11C 1s a timing diagram 1illustrating a minimum
access time threshold of a data signal relative to an active
transition of an adjustable clock transition;

FIG. 12A 1s a flow chart diagram illustrating one embodi-
ment of a calibration process of the parallel data interface;
and

FIG. 12B 1s a flow chart diagram illustrating another
embodiment of a calibration process of the parallel data
interface.

While the invention 1s susceptible to various modifica-
tions and alternative forms, specific embodiments thereof
are shown by way of example 1n the drawings and will
herein be described 1n detail. It should be understood,
however, that the drawings and detailed description thereto
are not intended to limit the mvention to the particular form
disclosed, but on the contrary, the intention is to cover all
modifications, equivalents and alternatives falling within the
spirit and scope of the present invention as defined by the
appended claims.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

L]
ay

ERRED

Error-free data transmission is typically a major design
goal for any synchronous system. In high-speed synchro-
nous systems that transmit data over a parallel bus, however,
several factors may interfere with obtaining such a design
goal. In addition to clock skew, random noise induced within
the parallel data bus may adversely eflect data transmaission.
For example, bit errors may result 1f a suflicient amount of
noise 1s induced within the data bus when the data signal 1s
sampled. In general, noise may be induced 1n the form of
data skew and/or jitter within one or more paths of the
parallel data bus. Although they are often caused by similar
sources, distinct differences exist between data skew and
itter.

Data skew 1s often defined by varnations between one data
path and another. For example, individual paths of a parallel
data bus are generally routed within close proximity to each
other. As such, signals traversing a given data path may be
adversely aflected by noise, 1n the form of electromagnetic
interference (EMI), for example, from one or more of the
other data paths. Such interference 1s generally referred to as
“cross-talk” and often leads to skewing of the data signal.
Unfortunately, the amount and direction by which the data
signal 1s skewed (1.e., temporally shifted by a positive or
negative amount) depends on more than one factor and 1s
often extremely hard, i1f not impossible, to predict. For
example, the induced data skew may depend on the physical
differences between the parallel data paths, such as trace
length mismatches, capacitive loading, etc. In addition, the
induced data skew may depend on the operating speed of the
system, and 1n some cases, data skew may increase as
operating speeds increase.

Jitter, on the other hand, applies only to an individual data
path of the parallel bus and generally results from time-
varying components of noise sources. Jitter 1s often defined
as the cycle-to-cycle vanation 1n the “zero crossings” of the
data. In other words, jitter occurs when data samples are
taken near, but not exactly at, the desired sample locations
of an individual data signal, such that a sample 1s temporally
displaced by an unknown, though usually small interval
(e.g., an 1interval substantially less than or equal to one clock
cycle). As such, the overall effect of jitter 1s to shift a data
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signal sufliciently in time to cause incorrect sampling of the
data signal by the clock signal, and thus, produce a bit error.

Therefore, 1t would be beneficial to provide a parallel data
interface that adjusts a timing relationship of a clock signal
to not only minimize clock skew, but to also compensate for
noise components, such as data skew and jitter, which may
allect one or more paths of a parallel data bus. In this
manner, a plurality of data signals having dissimilar transi-
tion times can be accurately sampled by adjusting a clock
transition to occur at a time that best suits substantially all
of the plurality of data signals. As such, the data interface
provides error-iree data transmission regardless of unpre-
dictable delays along the clock and/or data paths. In general,
such a data interface may be included within transmitting
and/or receiving portions of any synchronous system.

FIGS. 5A and 5B illustrate an exemplary parallel data
interface 30, which provides error-free data transmission
over a parallel bus within a synchronous system. In some
cases, different portions of data interface 30 may be included
within transmitting and receiving portions of the synchro-
nous system. In the case of unidirectional data transier
between a transmitter and receiver, for example, only first
portion 30q (as shown 1n FIG. SA) may be included within
the transmitter, whereas only second portion 3056 (as shown
in FIG. 5B) may be included within the receiver. As will be
described 1n more detail below, first portion 30a 1s adapted
to accurately sample each and every one of the parallel bus
data signals within appropriate setup and hold times of the
transmitter. Likewise, second portion 305 1s adapted to
provide the data signals to the receiver after an approprate
access time. In other cases, however, in which data transfer
1s bi-directional between a host and transceiver, first portion
30a and second portion 305 may each be included within the
host and transceiver. For the sake of brevity, data interface
30 will be described herein as including first portion 30a and
second portion 305. In one example, data interface 30 may
be included within the physical layers of host and trans-
ceiver devices of a communications system or network, such
as a local area network (LAN), wide area network (WAN),
or Ethernet. In any case, data interface 30 may be included
within any system in which two or more devices commu-
nicate over parallel buses.

As shown in FIG. 5A, first portion 30a includes a plurality
of data mput pins 32 coupled to receive a plurality of data
signals, data_ , from a parallel bus of a synchronous system.
In addition, first portion 30q includes data interface 1nput
latch 36, which 1s coupled to receive the plurality of data
signals from input pins 32 via a plurality of data paths (e.g.,
K# of lines). First portion 30a also receives a reference clock
signal, clk. , having a reference frequency and phase at clock
input pin 34. In some cases, the reference clock signal may
be used to clock the plurality of data signals mput to latch
36. However, random noise introduced within one or more
data paths may cause one or more data signals to have
dissimilar transitions between transitions of the reference
clock signal. In some cases, one or more data transitions may
be temporally displaced by an amount suflicient to cause a
bit error to occur when the plurality of data signals are
sampled. A bit error, as described herein, 1s a sampling error
that occurs when a clock transition causes a data signal to be
incorrectly sampled. In other words, a logic value of a data
signal output from a latch does not equal a logic value of the
data signal input to the latch. Thus, 1t may be beneficial to
impart a relative amount of phase delay (i.e., time shiit) to
the reference clock signal to ensure substantially all of the
data signals are accurately sampled.
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As such, first portion 30aq includes phase generator 38 and
phase selector 40, which temporally shift the phase of the
reference clock signal by a highly variable, though control-
lable, amount of phase delay. In general, phase generator 38
may include a delay-locked loop (DLL) device, or alterna-
tively, may include a phase-locked loop (PLL) device, each
of which will be described in more detail below. In particu-
lar, phase generator 38 1s adapted to substantially eliminate
propagation delay within the clock distribution network,
e.g., delay within the clock path between the output pin of
a host device and the 1input latches of data interface 30 within
a transceiver device. Thus, phase generator 38 advanta-
geously eliminates clock skew within the clock path.

In addition, phase generator 38 1s further adapted to
generate one or more phases with respect to the phase of the
reference clock signal. For example, phase generator 38 may
receive a reference clock signal having a reference phase,
¢,.» and 1n response, may generate L number of phases, each
of which 1s separated by an incremental amount of phase
delay, ¢,./L. Depending on a timing relationship ot the
plurality of data signals mput to latch 36, a select one of the
L. number of phases may be chosen by phase selector 40 to
temporally shift the reference phase of the reference clock
signal. Preferably, the select one may impart an extra amount
of phase delay (1n either a positive or negative direction) to
the clock input of latch 36, such that each and every one of
the data signals 1s accurately sampled.

As such, phase selector 40 may include a means to apply
only the select one of the plurality of phases to latch 36. In
some cases, such means includes multiplexer (MUX) 42,
which may receive the plurality of phases from phase
generator 38 and, based upon one or more control signals,
output the select one of the plurality of phases to the clock
iput of latch 36. In addition, such means includes control
signal generator 46, which may generate the one or more
control signals received by MUX 42. In one embodiment,
control signal generator 46 1s adapted to generate the one or
more control signals based upon calibration signals recerved
from two or more 1mput pins of serial test access port 50, as
shown 1n FIGS. 5A and 3B.

In some cases, serial test access port 30 may be a test
access port in compliance with IEEE std. 1149.1. Issued as
IEEE Std. 1149.1 and 1149.1a, the Joint Test Action Group
(JTAG) standard was developed to allow testing of an
integrated circuit after it had been assembled onto a printed
circuit board. The JTAG standard provides 1n-system testing
for the entire, assembled printed circuit board using a small
number of pins associated with a test access port (TAP). The
term “JTAG compliant” may be used herein to refer to any
device functionally consistent with the IEEE Std. 1149.1
specification.

In general, a JTAG-compliant mtegrated circuit includes
at least four dedicated IO pins, which constitute the JTAG
test access port (“TAP”). Through the TAP, the JTAG-
compliant integrated circuit 1s generally tested using four
signals: a serial mput signal (ITDI), a serial output signal
(TDO), a clock signal (TCK), and a mode select signal
(TMS). In some 1nstances, additional I/O pins may be added
to accommodate other control signals, such as a test reset
(TRST) signal. In this manner, the calibration signals of
FIGS. 5A and 5B may be coupled to JTAG test access port
50. In one example, a test_in signal may be coupled to TDI
pin 504 and a test_out signal may be output from TDO pin
50e. In addition, a clk__, signal may be coupled to TCK pin
50a, a select signal may be coupled to TMS pin 505, and a
calibrate signal may be coupled to TRST pin 50¢, 1n some
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not include a JTAG test access port, but instead may include
any other senal test access port. The term serial test access
port, as described herein, includes any port in which a data
pattern 1s serially shifted into a device under test using only
one input pin. In addition, a serial test access port may
include an output pin to serially shift the data pattern out of
the device under test, and a clock pin to control data transier
between mput and output pins, in some cases.

In some embodiments, control signal generator 46 may be
formed 1n such a manner that only three of the four mput
pins of serial test access port 50 are used to generate the one
or more control signals. FIG. 6, for example, illustrates an
exemplary block diagram of control signal generator 46
according to such an embodiment. FIG. 6 1llustrates control
signal generator 46 as including shift register 62, multi-
plexer (MUX) 64, and update register 66. Shift register 62
may mclude L number of tlip-tlops (thereby comprising L
number of bit positions), 1n one example. In some cases,
cach of the L number of bit positions corresponds to a
different control signal output from control signal generator
46. As such, each of the L number of control signals may
select one of the plurality of phases generated by phase
generator 38.

In addition, shift register 62 may operate 1n response to a
clock signal. In some cases, the clock signal may be derived
from the reference clock signal, clk, . In such a case, 1t may
be beneficial to divide the reterence phase, ¢,., by a factor
of X (reference numeral 48 of FIGS. 5A and 5B) to either
increase or decrease the clock transition frequency input to
shift register 62 and update register 66 of control signal
generator 46. In one example, low-cost test devices (not
shown) may be used to control the data flow to and from
serial test access port 50. Unfortunately, such test devices
often operate at relatively low speeds. In another example,
a glitch may occur on the internal clock path of the data
interface 1f a new control signal transition clocks MUX 42
at substantially the same time as an adjusted clock transition
(output from MUX 42) clocks data interface mnput latch 36.
Such a glitch may result 1n a metastable state, in which the
output of data interface input latch 36 fluctuates for a period
of time belore settling mto a stable output state. In this
manner, 1t may be beneficial to modulate the frequency of
the control signal transition to avoid metastability and the
assertion of a false bit error signal. In other cases, however,
the reference clock signal having a reterence phase, ¢,.5
may be used to clock shift register 62. Alternatively, an
additional input pin (e.g., input pin 30a) of serial test access
port 50 may be used to supply shiit register 62 and update
register 66 with a clock signal having substantially any
frequency and phase.

Furthermore, shift register 62 may be coupled to receive
a calibration signal, such as the calibrate signal from serial
port mput pin 50c. In some cases, the calibrate signal may
be a one-bit control signal that either enables or disables a
calibration process of the control signal generator. For
example, a calibration process may be enabled with a logic
level high calibrate signal applied to serial port input pin
50c. Alternatively, the calibration process may be enabled
with a logic level low calibrate signal applied to serial port
mput pin 50c. Once the calibration process 1s enabled, a
test_in signal may be serially shifted into shift register 62
from serial port mput pin 50d4. In some cases, the test_in
signal may be a calibration signal having L. number of bit
positions.

As an example, suppose that shift register 62 includes
nine bit positions, each of which 1s represented by one
tlip-flop of the shift register. As stated above, each of the
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nine bit positions corresponds to a diflerent control signal
that may be used to select a different phase from phase
generator 38. Upon activation of the calibration process,
shift register 62 may be programmed with a first calibration
signal (1.e., a first test_in signal) received from mnput pin 304.
In some cases, shiit register 62 may be programmed to store
a logic level high value (i.e., a °1”) within one flip-tlop of the
shift register, while logic level low values (i.e., a ‘0’) are
stored within the remaining eight tlip-tlops of the shift
register. As such, shift register 62 may output a first control
signal to MUX 64 having a value of “000001000,” in one
example. At the next clock cycle, shift register 62 may be
programmed with a second calibration signal (i.e., a second
test_in signal) received from input pin 504. In most cases,
the second calibration signal may be different from the first
calibration signal. As such, the position of the logic level
high bit 1n the second calibration signal may be chosen at
random, 1n one example. In another example, however, an
algorithm, a mathematical equation, a statistical result, or
any other programmable means may be used to choose the
position of the logic level high bit in the second calibration
signal. Thus, shift register 62 may output a second control
signal to MUX 64 having a value of “010000000,” in one
example. In this manner, shift register 62 may generate
subsequent control signals based upon the test_in calibration
signals received from serial port iput pin 50d.

Therelfore, during the calibration process, shiit register 62
1s adapted to produce L number of distinct control signals to
programmably select a different one of the L number of
phases generated by phase generator 38. During the calibra-
tion process, MUX 64 1s coupled to receive each of the L
number of control signals (each comprising L. number of
bits) from shiit register 62 and to transmit each of the control
signals to update register 66. Update register 66 1s also
coupled to recetve the clock signal (e.g., clk_ ., clk, or a
derivative of clk, ), such that when one control signal is
clocked out of control signal generator 46 from update
register 66, a subsequent control signal 1s generated by shift
register 62.

In other embodiments, control signal generator 46 may be
formed 1n such a manner that only two of the four input pins
ol serial test access port 50 are used to generate the one or
more control signals. FIG. 7, for example, illustrates an
exemplary block diagram of control signal generator 46
according to the current embodiment, 1n which the number
of mput pins of serial test access port 50 1s advantageously
reduced over the embodiment described above 1n reference
to FIG. 6. As such, FIGS. 6 and 7 differ by way of replacing
shift register 62 (of FI1G. 6) with circular counter 72 (of FIG.
7) 1n control signal generator 46. However, where FIGS. 6
and 7 include similar circuit elements, e.g., multiplexer
(MUX) 64 and update register 66, those circuit elements are
described below using 1dentical reference numerals.

In some cases, circular counter 72 may be implemented as
a circular shift register having L number of flip-tlops
(thereby comprising L number of bit positions), for example.
As such, one difference between shilt register 62 and cir-
cular counter 72 1s the addition of a feedback loop within
circular counter 72. In general, the feedback loop 1s added to
connect an output of the last tlip-tlop to an mput of the first
tlip-flop within circular counter 72. In this manner, circular
counter 72 1s adapted to generate L. number of control
signals independent of an external source, such as the test_in
signals recerved from serial port input pin 304 by shift
register 62. As stated above, each of the L number control
signals may select one of the L number of phases generated
by phase generator 38, 1n some cases.
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In addition, circular counter 72 may operate in response
to a clocking signal. Similar to the clock signal described
above 1n reference to FIG. 6, the clock signal of the current
embodiment may be supplied from the reference clock
signal (clk;, ) having a reference phase, ¢, or a derivative
of the reference clock signal having a phase, ¢, /x. Alter-
natively, the clock signal of the current embodiment may be
calibration clock signal, clk__, having substantially any
frequency and phase. Such a calibration clock signal may be
input to serial port input pin 50a, for example.

Furthermore, circular counter 72 may be coupled to
receive a calibration signal, such as the calibrate signal from
serial port input pin 50c¢. As stated above, the calibrate signal
may be a one-bit control signal that either enables or disables
a calibration process of the control signal generator. If the
calibration process 1s enabled, e.g., with a logic level high
calibrate signal, circular counter 72 will begin counting from
an 1nitialization value. As an example, suppose that circular
counter 72 includes nine bit positions, each of which 1is
represented by one flip-flop of the circular shift register. As
stated above, each of the nine bit positions corresponds to a
different control signal that may select a different phase
generated by the phase generator. Upon activation of the
calibration process, circular counter 72 may be 1mitialized to
a value of “100000000” to obtain a first control signal, 1n
some cases. At the next clock cycle, circular counter 72 may
shift the logic level high bit to the next bit position, resulting,
in a value of “010000000” to obtain a second control signal,
in some cases. In this manner, the logic level high bit 1s
sequentially shifted through each one of the bit positions of
circular counter 72 to obtain a different control signal at
every clock transition. Once the logic level high bit reaches
the final bit position, “000000001,” the bit may then be fed
back to the first bit position. In other cases, however, the
logic level high bit may be sequentially shifted 1in a right-
to-left direction instead of a left-to-right direction.

Therefore, during the calibration process, circular counter
72 15 adapted to produce L number of distinct control signals
to sequentially select each one of the L number of phases
generated by phase generator 38. During the calibration
process, MUX 64 1s coupled to receive each of the L number
of control signals (each comprising L. number of bits) from
circular counter 72 and to transmit each of the control
signals to update register 66. Update register 66 1s also
coupled to receive the clocking signal (e.g., clk__,, clk. , or
a denivative of clk;, ), such that when one control signal 1s
clocked out of control signal generator 46 from update
register 66, a subsequent control signal 1s generated by
circular counter 72.

After an mitial calibration process, however, 1t may be
desired to “hardwire” a specific control signal representing
a “best phase” to sample the plurality of data signals at the
mput of latch 36. Thus, FIGS. 6 and 7 depict MUX 64
additionally coupled to receive another L. number of bits,
which represent a “best phase” control signal, from a hard
wire mput. The hard wire mput may be chosen by a
calibration signal coupled to MUX 64, such as the select
signal from serial port input pin 5056. In some cases, when
the calibration process 1s disabled (e.g., by a logic level low
calibrate signal) the select signal may choose the hard_wire
iput of MUX 64 with a logic level high value, for example.
Otherwise, the select signal may choose the calibration input
(from shift register 62 or circular counter 72) of MUX 64
with a logic level low value, for example. Alternatively, the
select signal may choose the hard_wire input with a logic
level low value and the calibration mput with a logic level
high value.
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In some cases, the hard_wire input may be coupled to L
number of circuit elements, e.g., L number of switches or
transistors, each of which are coupled to either a power
supply (to represent a logic level high bit) or a ground
connection (to represent a logic level low bit). The sequence
by which each of the circuit elements are coupled to one of
the connections will determine the best phase control signal.
In some cases, 1t may be desirable to change the sequence by
which the circuit elements are hardwired to program a
different best phase control signal. As such, the L. number of
circuit elements are preferably re-programmable circuit ele-
ments.

In other cases, however, the hard_wire input of MUX 64
may alternatively be coupled to a re-programmable storage
clement, e.g., a register having L. number of cells, which 1s
controlled by a special state of a state machine. As such, the
state machine may determine the best phase control signal
by programming each of the L. number of cells within the
register to store a certain logic value. In the case that data
interface 30 includes a JTAG test access port 50, for
example, the state machine may be implemented as a JTAG
state machine.

It may be advantageous to “hardwire” control signal
generator 46 to output only the “best phase” control signal
to phase generator 38 after an 1nitial calibration process. In
some cases, selecting a predetermined best phase with a
hardwired control signal may advantageously reduce the
overall power consumed by data interface 30. For example,
one or more circuit elements of the data interface may be
powered down when a calibration process 1s not 1n progress.
In particular, circuit elements only required during the
calibration process (e.g., shifter 62, circular counter 72, and
logic block 92) may be powered down to reduce the overall
power consumed by data iterface 30. In addition, the ability
to reprogram a hardwired control signal advantageously
provides the user with flexibility 1n tailoring the data inter-
face to fit one or more specific applications.

Returning to FIG. SA, phase generator 38 may derive L
number of phases from a reference clock signal having a
reference phase, ¢,., In one embodiment. In such an
embodiment, each of the L number of phases 1s separated by
an incremental amount of phase delay, ¢, /L In an alterna-
tive embodiment, however, 1t may be desirable to generate
substantially more than L. number of phases from the refer-
ence clock signal. For example, phase generator 38 may be
adapted to generate N number of phases, such that N 1is
substantially greater than L, 1n some cases. In other cases,
phase generator 38 may be adapted to generate N number of
phases, such that N is substantially equal to 2* (i.e., two
raised to the power of L). In such an alternative embodiment,
logic block 44 may be coupled to receive the L number of
control signals from control signal generator 46 and, 1n
response, provide N number of control signals to phase
generator 38. In this manner, each of the N number of
control signals may be used to select a different one of the
N number of phases generated by phase generator 38. Thus,
logic block 44 may be implemented as an L:N encoder, for
example.

By increasing the number of phases generated by phase
generator 38, the incremental amount that separates each of
the N number of phases (1.¢., the phase increment) may be
advantageously decreased to ¢,,/N. As such, phase genera-
tor 38 1s adapted to provide a relatively finer phase adjust-
ment to the clock mput of latch 36, 1n some embodiments.
In some cases, the phase increment, ¢,,/N, may be
decreased to approximately 50 ps or below. In any case, a
mimmum phase increment 1s generally dependent upon the
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technology used to fabricate the basic circuit elements of
data interface 30. For example, a phase increment of
approximately 30 ps may be obtained using current CMOS
0.13 um technology, whereas a phase increment of approxi-
mately 20 ps may be obtained using current CMOS 0.09 um
technology.

As stated above, phase generator 38 may be fabricated to
include a delay-locked loop (DLL, not shown) device, 1n
some cases. Generally, a DLL 1s a closed-loop device that,
in 1t’s simplest form, consists of a varnable delay line and
control logic. Vanable delay lines can be built using a
voltage-controlled delay, or alternatively, using a series of
discrete delay elements. In this manner, a DLL works by
iserting an amount of delay between the reference clock
signal and a feedback clock signal until transitions of the two
signals align, usually 360° out of phase with one another.
Once a transition of the feedback signal aligns with a
transition of the reference clock signal, the DLL “locks” the
phase of the DLL output clock.

In other cases, however, phase generator 38 may include
a phase-locked loop (PLL) device, as shown in FIG. 8. A
fundamental difference between a PLL and a DLL device 1s
that instead of a delay line, a PLL uses a voltage-controlled
oscillator (VCO) to generate one or more phases of the
reference clock signal. In general, a PLL may include four
main components, such as phase frequency detector (PFD)
80, charge pump 82, filter 84, and VCO 86, 1n some cases.
In particular, PFD 80 1s coupled to receive and compare a
reference clock signal to a feedback signal generated by the
remaining components of the PLL circuit. In response to
frequency and/or phase differences between the signals, PLL
control logic (e.g., PFD 80, charge pump 82, and filter 84)
1s adapted to adjust the frequency and phase of the oscillator
clock (1.e., feedback clock output from VCO 86) until the
rising edge of the feedback clock aligns with the rising edge
of the reference clock. At such a time, the PLL “locks™ the
phase of the PLL output clock.

The closed-loop device ultimately chosen to represent
phase generator 38 may depend on the specifications of the
synchronous system. For example, PLL devices are often
used as Irequency multipliers, and thus, can be used to
generate phases at relatively low to relatively high operating
speeds (e.g., operating Irequencies ranging ifrom a few
hundred Hertz (Hz) to approximately 40 GHz or above). On
the other hand, DLL devices operate at substantially lower
operating speeds (e.g., operating frequencies ranging from a
few hundred Hertz to a few Gigahertz), and thus, consume
substantially less power than high-speed PLL devices. In
addition, DLL devices are typically first order systems,
which are substantially easier to implement than PLL
devices. Furthermore, DLL devices do no sufler from jitter
accumulation often introduced by the VCO of a PLL device.
Therefore, phase generator 38 may be implemented as a
DLL device 1n the case that low power, low jitter, and ease
of implementation 1s a design consideration. Otherwise,
phase generator 38 may be implemented as a PLL device in
the case that maximum operating speed 1s design consider-
ation. Note, however, that the phase generators described
herein are implemented as PLL devices for the sake of
brevity.

In any case, phase generator 38 1s adapted to generate a

plurality of phases, as described above. In some cases, phase
generator 38 may be adapted to generate N number of

phases. In particular, FIG. 8 illustrates phase generator 38

(e.g., a PLL device) as providing N number of phases, which
are denoted as ¢, to ¢,. As shown 1n FIG. 8, the N number
of phases are arranged around a middle phase, ¢,,. In some
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cases, the middle phase, ¢,,, may be substantially equal to
the reterence clock phase, ¢, In this manner, approxi-
mately half of the N number of phases are substantially
greater than and approximately half of the N number of
phases are substantially less than the reference clock phase.
For example, each of the N number of phases 1s separated by
an incremental phase amount, ¢, /N, such that a positive
incremental phase, ¢, ,, may provide a timing correction
substantially equal to ¢, +¢, /N. In such an example, a
negative incremental phase, ¢,, ,, may provide a timing
correction substantially equal to ¢,,~¢,./N. Thus, the clock
transition may be adjusted by relatively small, incremental
amounts of phase delay in either a positive or negative
direction. In other cases, however, the reference clock phase,
¢,.» may be substantially equal to a first output phase, ¢,, a
last output phase, ¢,, or any other phase 1n between ¢, and
P

As stated above, phase selector 40 may be adapted (e.g.,
by including MUX 42) to apply only the select one of the
plurality of phases to latch 36, in one embodiment. In an
alternative embodiment, however, phase generator 38 may
be adapted to apply only the select one of the plurality of
phases to latch 36. In one example, phase generator 38 may
include a plurality of buflers 88, where each of the plurality
of buflers 1s coupled to receive one of the N number of
phases output from VCO 86. In addition, each of the buflers
88 may be coupled to receive one of the N number of control
signals output from control signal generator 46 and logic
block 44, 1n some cases. In this manner, substantially all of
the plurality of butlers 88, with the exception of a select one,
may be “powered-down” by a logic value (e.g., a ‘O’or logic
low value) of the N number of control signals, thereby
preventing phase generator 38 from outputting more than the
select one of the plurality of phases. In other words, only the
select one of the plurality of phases 1s provided to MUX 42,
in some cases. Thus, phase generator 38 1s advantageously
adapted to reduce the power and noise coupling produced by
numerous phases entering MUX 42 at substantially the same
time.

Phase generator 38 and phase selector 40 are also adapted
to output a select one of a plurality of phases to the internal
clock path (1.e., int_clk) of data mterface 30 prior to the
clock 1nput of latch 36. Thus, phase generator 38 and phase
selector 40 are adapted to adjust a timing relationship of the
clock transition before the plurality of data signals are
sampled by latch 36. In this manner, even though the
plurality of data signals may have dissimilar transitions,
phase generator 38 and phase selector 40 are adapted to
temporally shift the clock transition to a time between
appropriate setup and hold time specifications for each and
every one of the plurality of data signals. More specifically,
the clock transition can be adjusted to occur at a time that
allows each and every one of the plurality of data signals to
become stable for a setup time before the clock transition,
and remain stable for a hold time after the clock transition,
thereby substantially eliminating the occurrence of bit errors
along the plurality of data paths. Therefore, FIG. 5A 1llus-
trates first portion 30a of data interface 30 as being adapted
to accurately sample each and every one of the plurality of
data signals within appropriate setup and hold time speci-
fications of the transmitting portion of the synchronous
system.

As shown 1n FIG. 3B, second portion 305 includes data
interface output latch 56, which 1s coupled to receive the
plurality of data signals, “int_data,” sampled by data inter-
tace mput latch 36. In addition, output latch 56 1s coupled to
receive a clock transition, which may be previously adjusted
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by phase generator 38 and phase selector 40, from internal
clock path, “int_clk.” As such, first portion 30a may be
directly coupled to second portion 305, in some cases. In
other cases, however, one or more circuit elements may be
coupled to the clock path and/or to the plurality of data paths
between {first portion 30a and second portion 305b.

In some cases, second portion 305 includes phase gener-
ating and selecting circuit elements substantially identical to
those described above 1n reference to first portion 30a, as
shown 1n FIG. 5A. In general, duplicate circuit elements are
identified with primed reference numerals 1n FIG. 5B. For
example, where first portion 30a includes phase generator
38 and phase selector 40, second portion 306 includes
second phase generator 38' and second phase selector 40'. In
particular, detailed descriptions of the circuit elements dupli-
cated in FIG. 5B may be found, for example, by referring
back to the detailed description of FIGS. SA and 6-8.

Though first portion 30aq and second portion 306 include
substantially identical circuit elements, the function of each
portion may differ due to differences 1in coupling of the
circuit elements to input and output latches of data interface
30. For example, as stated above, phase generator 38 and
phase selector 40 are coupled to adjust a timing relationship
of a clock transition before the clock mput of data interface
iput latch 36 (see FIG. SA). As such, first portion 30a 1s
adapted to accurately sample each and every one of the
plurality of data signals within appropriate setup and hold
time specifications of the transmitting portion of the syn-
chronous system.

On the other hand, second phase generator 38' and second
phase selector 40' are coupled to adjust a timing relationship
of a clock transition after the clock mput of data interface
output latch 56 (see FIG. 5B). In this manner, second phase
generator 38' and second phase selector 40" are adapted to
supply an adjusted clock transition to clock output pin 60
betore the sampled data signals are supplied to respective
data output pins 58. To do so, second phase generator 38' and
second phase selector 40" are adapted to temporally shift the
clock transition to arrive before the sampled data transitions
by an amount of time, which allows subsequent circuit
clements to receive the sampled data transitions within an
access time specification. In some cases, such an access time
specification may be imparted by second portion 3056 to
account for the amount of setup time imparted by first
portion 30a. By accounting for such an access time speci-
fication, second phase generator 38' and second phase selec-
tor 40' are adapted to substantially eliminate the occurrence
of bit errors at the output pins of the data interface. Thus,
FIG. 5B illustrates second portion 305 of data interface 30
as being adapted to provide the sampled data signals to the
receiving portion of the synchronous system after an appro-
priate amount ol access time.

So far, the above description of FIGS. 5-8 1llustrates one
embodiment of a parallel data interface that, based upon
calibration signals input to serial test access port 50, imparts
a highly variable, though controllable amount of phase delay
to a clock path of the data interface to compensate for noise
induced within one or more paths of a parallel data bus.
Thus, parallel data interface 30 1s adapted to advantageously
climinate data skew and/or jitter within the parallel data bus,
in addition to eliminating clock skew within the clock path.
As such, parallel data interface 30 1s adapted to provide
error-iree data transmission over a parallel data bus.

FI1G. 10, however, 1llustrates an alternative embodiment
ol a parallel data interface. In general, FIG. 10 illustrates
data interface 100, which includes parallel test access port
120 instead of the senal test access port 50 included within
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data intertace 30, as shown 1n FIG. 5. FIGS. 10A and 10B
illustrate data interface 100 as including first portion 100a
and second portion 1005. Similar to {first portion 30a (as
shown 1n FIG. 5A), first portion 100a (as shown 1n FIG.
10A) includes a plurality of data mput pins 102, a clock
input pin 104, and data interface mput latch 106. In some
cases, a reference clock signal, clk,_ , from clock input pin
104 may be used to clock a plurality of data signals, data, ,
which are mput to latch 106. As stated above, however,
random noise introduced within one or more of paths of the
parallel data bus may cause one or more data signals to have
dissimilar transitions between transitions of the reference
clock signal. In some cases, one or more data transitions may
be temporally displaced by an amount suflicient to cause a
bit error to occur upon sampling of the data signals.

Therelore, first portion 100q includes phase generator 108
and phase selector 110 to impart a relative amount of phase
delay (1.e., time shift) to the reference clock signal to enable
cach and every one of the plurality of data signals to be
accurately sampled by mnput latch 106. In some cases, phase
generator 108 may be a delay-locked loop (DLL, not shown)
device. In other cases, however, phase generator 108 may be
a phase-locked loop (PLL) device, as shown 1n FIG. 8. In
particular, a detailed description of the circuit elements and
function of phase generator 108 may be found, for example,
by referring back to the detailed description of phase gen-
crator 38 1n FIGS. SA and 8. In any case, phase generator
108 1s adapted to impart a highly variable, though control-
lable amount of phase delay to the reference clock signal. In
this manner, phase generator 108 advantageously eliminates
clock skew within the clock path of the synchronous system.
In addition, phase generator 108 1s adapted to produce a
plurality of phases (i.e., time delay signals) based upon the
phase of the reference clock signal.

In some cases, phase selector 110 includes a means to
apply only a select one of the plurality of phases to 1mput
latch 106. For example, such means may include multiplexer
(MUX) 112 (as shown in FIG. 10A), which receives the
plurality of phases from phase generator 108 and, based
upon one or more control signals from control signal gen-
erator 116, outputs the select one of the plurality of phases
to mnput latch 106. In other cases, however, phase generator
108 may alternatively include the means to apply only the
select one of the plurality of phases to mput latch 106. For
example, such means may include a plurality of buflers (e.g.,
butlers 88, as shown 1n FIG. 8), which are adapted to output
only the select one, and thus, “power down” the unselected
ones of the plurality of phases. In particular, phase generator
108 1s adapted to select the one of the plurality of phases
based upon control signals received from control signal
generator 116. Therefore, 1n some cases, phase generator
108 1s adapted to reduce the power and noise coupling
produced by numerous phases entering MUX 112 at sub-
stantially the same time.

In any case, the means to apply only the select one of the
plurality of phases to input latch 106 also includes control
signal generator 116, which may generate the one or more
control signals recerved by MUX 112 and/or phase generator
108. In one embodiment, control signal generator 116 1s
adapted to generate the one or more control signals based
upon calibration signals received from a plurality of input
pins of parallel test access port 120, as shown 1n FIGS. 10A
and 10B. In some cases, parallel test access port 120 may be
implemented as any parallel fed test access port. The term
parallel test access port, as described herein, includes any
port in which a parallel data pattern 1s 1nput to a device under
test using two or more input pins. In addition, a parallel test
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access port may include two or more output pins to output
the parallel data pattern from the device under test, and a
clock pin to control data transier between mput and output
pins, 1n Some cases.

In some embodiments, control signal generator 116 may
be coupled to receive calibration signals from J+1 number of
parallel port mput pins 120 (as shown 1 FIGS. 10A and
10B). FIG. 9, for example, illustrates an exemplary block
diagram of control signal generator 116 according to such an
embodiment. FIG. 9 illustrates control signal generator 116
as including logic block 92, MUX 94, and update register
96. In general, logic block 92 1s coupled to recerve J number
of calibration signals from J number of input pins (reference
numeral 1205) of parallel port 120 and, 1n response, produce
one or more control signals during a calibration process.

In some cases, phase generator 108 1s adapted to produce
I number of phases. In such a case, logic block 92 1s adapted
to produce J number of control signals, each of which 1s used
to select a diflerent one of the J number of phases from phase
generator 108. In this manner, one of the J number of phases
may be selected by applying a logic value (e.g., a logic high
value) to only one of the parallel port input pins 1205, while
applying an opposite logic value (e.g., a logic low value) to
the remaining J-1 number of parallel port input pins 1205.
As such, a different one of the J number of phases may be
selected by applying the logic high value to a diflerent one
ol the parallel port input pins 1205.

In other cases, however, phase generator 108 1s adapted to
provide N number of phases, as described above 1n reference
to phase generator 38 (shown in FIGS. 5 and 8). In such a
case, logic block 92 1s adapted to encode the J number of
calibration signals into N number of control signals, where
the value of N 1s substantially greater than the value of J. For
example, one of the J number of phases may be selected by
applying a logic value (e.g., a logic high value) to a group
ol one or more parallel port input pins 1205, while applying
an opposite logic value (e.g., a logic low value) to the
remainder of the parallel port mnput pins 1205. As such, a
different one of the N number of phases may be selected by
applying a logic high value to a different group of one or
more parallel port input pins 12056. Thus, logic block 92 may
be mmplemented as a J:N encoder, in some cases, which
advantageously decreases the number of parallel port 1input
pins 1206 relative to the number of phases generated by
phase generator 108.

Therefore, logic block 92 i1s adapted to programmably
select a different one of the plurality of phases generated by
phase generator 108 during the calibration process. In addi-
tion, MUX 94 1s coupled to receive each of the control
signals from logic block 92 and to transmit each of the
control signals to update register 96. Update register 66 is
also coupled to receive a clocking signal (e.g., clk__,, clk, .
or a derivative of clk, ), such that when one control signal
1s clocked out of control signal generator 116 from update
register 96, a subsequent control signal i1s generated by
encoding the calibration signals from parallel port input pins
12056 at logic block 92.

After an initial calibration process, however, it may be
desired to “hardwire” a specific control signal representing
a “best phase” to be used to sample the plurality of data
signals at the mnput of latch 106. Thus, FIG. 9 depicts MUX
94 additionally coupled to receive a “best phase” control
signal from a hard_wire mput. The hard_wire input may be
chosen by a calibration signal coupled to MUX 94, such as
the select signal from parallel port mput pin 120q. In some
cases, the select signal may choose the hard_wire input of
MUX 94, e.g., with a logic level high value, to disable the
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calibration process. In other cases, the select signal may
enable the calibration process by choosing the calibration
iput (from logic block 92) of MUX 94 with a logic level

low value, for example. Alternatively, the select signal may

20

skew along the clock path, but also compensates for noise
induced within one or more paths of a parallel data bus. In
some cases, such noise may be due to, e.g., data skew and/or
jitter within one or more paths of the parallel data bus. Thus,

choose the hard_wire mput with a logic level low value and 5 the method described herein provides error-free data trans-

the calibration input with a logic level high value. In any
case, circuit elements coupled to the hard_wire input of
MUX 94 may be implemented as described above 1n refer-
ence to FIGS. 6 and 7.

Therefore, FIG. 10A 1llustrates first portion 100a of data
interface 100 as being adapted to accurately sample each and
every one of the plurality of data signals within appropriate
setup and hold time specifications of the transmitting portion
of the synchronous system. Likewise, FIG. 10B illustrates
second portion 1005 of data interface 100 as being adapted
to provide the sampled data signals to the recerving portion
of the synchronous system after an appropriate amount of
access time.

In general, second portion 1006 i1ncludes data interface
output latch 126, which 1s coupled to receive the plurality of
data signals, “int_data,” sampled by data interface input
latch 106. In addition, output latch 56 is coupled to receive
a clock transition, which may have been previously adjusted
by phase generator 108 and phase selector 110, from internal
clock path, “int_clk,” 1n some cases. As such, first portion
100a may be directly coupled to second portion 105, 1n some
cases. In other cases, however, one or more circuit elements
may be coupled to the clock path and/or to the plurality of
data paths between first portion 100a and second portion
106.

In some cases, second portion 1005 includes phase gen-
crating and selecting circuit elements substantially 1dentical
to those described above 1n reference to first portion 100a
and 1llustrated 1n FIG. 10A. In general, duplicate circuit
clements are identified with primed reference numerals 1n
FIG. 10B. In addition, detailed descriptions of the duplicate
circuit elements 1n FIG. 10B may be found, for example, by
referring back to the detailed description of FIGS. 9 and
10A. In particular, second portion 1005 includes second
phase generator 108' and a second phase selector 110', which
are coupled to adjust a timing relationship of a clock
transition after the clock mput of data interface output latch
126 (see FIG. 10B). As such, a plurality of data signals,
data_ ., output from latch 126 are received at data output
pins 128 an amount of time after the adjusted clock transi-
tion, clk_ . 1s supplied to clock output pin 130. Such an
amount of time 1s generally referred to as a positive access
time, and allows a receiving portion of a synchronous
system to account for a setup time imparted by a transmitting
portion of the synchronous system.

Therefore, the above description of FIGS. 9 and 10
illustrates an alternative embodiment of a parallel data
interface that, based upon calibration signals iput to par-
allel test access port 120, imparts a highly variable, though
controllable amount of phase delay to a clock path of the
data interface to compensate for noise induced within one or
more paths of a parallel data bus. In this manner, parallel
data mtertace 100 1s adapted to advantageously eliminate
data skew and/or jitter within the parallel data bus, 1n
addition to eliminating clock skew within the clock path. As
such, parallel data interface 100 1s adapted to provide
error-free data transmission over a parallel data bus.

FIG. 11A illustrates a method for adjusting a timing
relationship between a clock signal and a plurality of data
signals mput to a parallel data interface. In general, the
method provides a timing correction to a clock path of the
data interface, which not only effectively eliminates clock
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mission by adjusting a clock transition to accurately sample
cach and every one of a plurality of data signals having
dissimilar transitions between transitions of the clock signal.

As such, FIG. 11A illustrates a plurality of data signals
150 transierred between transmitting (e.g., host device 170)
and receiving (e.g., transceiver device 190) portions of a
synchronous system over parallel data bus 175. In addition,
FIG. 11 A depicts clock signal 160 transferred between host
device 170 and transceiver device 190 along a separate clock
path. In this manner, a first transition 162 of clock signal 160
may output the plurality of data signals 150 to parallel data
bus 175 by clocking an output latch 174 of a parallel data
interface (not shown) within host device 170.

As will be described 1n more detail below, plurality of
data signals 150 may represent a test pattern during a
calibration process of parallel data interface 180. For
example, FIG. 11A 1llustrates the test pattern as including
substantially all positive pulses (1.e., all logic level high
values) followed by substantially all negative pulses (1.e., all
logic level low values). In such an example, the edges or
transitions of the test pattern are depicted as rising edges for
all of the plurality of data signals 150. Note, however, that
the test pattern could include substantially all negative
pulses Iollowed by substantially all positive pulses, or
alternatively, could include a combination of positive and
negative pulses transitioning during a single clock pulse. As
such, data transitions may be generically described as
“beginnings”™ and “endings”™ of individual data signals occur-
ring during a single clock pulse. However, data transitions
are described herein as having rising edges and falling edges
corresponding to the positive pulse test pattern 1llustrated 1n
FIG. 11A.

As shown 1 FIG. 11A, noise may be induced within one
or more paths of parallel data bus 175 causing one or more
active edges of the plurality of data signals 150 to become
misaligned prior to clocking input latch 182 of parallel data
interface 180. As such, the induced noise may shiit one or
more of the plurality of data signals 150 sufficiently in time
to cause i1ncorrect sampling of the one or more data signals
at mput latch 182. In some cases, the one or more data
signals may not be stable for at least a specified amount of
time before second clock transition 164 samples the one or
more data signals at input latch 182. Such an amount of time
1s generally referred to as a data “setup” time, and 1s often
specified 1n terms of a minimum setup time for a particular
synchronous system. In other cases, the one or more data
signals may not be stable for at least a specified amount of
time after second clock transition 164 samples the one or
more data signals at input latch 182. Such an amount of time
1s generally referred to as a data “hold” time, and 1s often
speciflied 1n terms of a minimum hold time for a particular
synchronous system. In this manner, second clock transition
164 may sample the one or more data signals imncorrectly 1f
they are sampled before a minimum setup time threshold
and/or after minimum hold time threshold (as illustrated 1n
FIG. 11B).

In some cases, minimum setup and hold times may be
specified for transmitting and/or receiving portions of the
synchronous system. The combination of a minimum setup
time and a minimum hold time may range, for example,
between about 20% and about 30% of a sampling clock
period (e.g., a clock period of clock signal 160). In one
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example, a mimimum setup time may be about 15% and a
mimmum hold time may be about 5% of a sampling clock
period.

Therefore, the method includes adjusting the timing of
second clock transition 164 to accurately sample each and
every one of the plurality of data signals 150, in some
embodiments. In particular, the method includes applying a
select one of a first plurality of phases (1.e., time delay
pulses) to the clock path of data interface 180 prior to
clocking input latch 182. As such, the method includes
adjusting the timing of second clock transition 164 to arrive
at mput latch 182 within a setup/hold time “phase window.”
In some cases, a setup/hold time “phase window” may be
described as a period of time 1n which substantially all of the
plurality of data signals are stable, and thus, may be sampled
without the occurrence of a bit error. In other words, second
clock transition 164 may be temporally shifted to arrive at
input latch 182 at a time after the arrival of a last rising edge
152 and before the arrival of a first falling edge 154 of the
plurality of data signals 150. Therelfore, the method adjusts
the timing of a clock transition to arrive after a minimum
setup time threshold and before a minimum hold time
threshold for each and every one of the plurality of data
signals. For example, FIG. 11B illustrates an exemplary
timing adjustment of second clock transition 164 (as shown
in FIG. 11 A), 1n which the timing of second clock transition
164 1s adjusted to arrive after a minimum setup time
threshold 153 and before minimum hold time threshold 155

of the synchronous system.

In some embodiments, the method may also include
adjusting the timing of a clock transition to arrive at a clock
output pin at least a specified amount of time before the
sampled data arrives at data output pins of the data interface.
Such an amount of time 1s generally referred to as a positive
“access” time, and 1s often specified 1n terms of a minimum
access time for a particular synchronous system. As stated
above, a mimimum access time may allow a receiving
portion of a synchronous system to account for a setup time
imparted by a transmitting portion of the synchronous
system. As such, a minimum access time may range, for
example, between about 20% and about 30% of a sampling
clock period (e.g., a clock period of clock signal 160). In this
manner, a clock transition may sample one or more data

signals incorrectly if they are sampled before a minimum
access time threshold (as illustrated 1n FIG. 11C).

Subsequent to clocking output latch 184 with third clock
transition 166, the method may include adjusting the timing,
of Tourth clock transition 168 to provide the plurality of data
signals 150 to data output pins after at least a minimum
access time. In particular, the method includes applying a
select one of a second plurality of phases (1.e., time delay
pulses) to the clock path of data interface 180 subsequent to
clocking output latch 184. In this manner, the method
includes adjusting fourth clock transition 168 to arrive at a
clock output pin within an access time “phase window.” An
access time “phase window” may be described herein as a
period of time 1n which a clock transition arrives before each
and every one of the plurality of data signals become stable.
In other words, fourth clock transition 168 may be tempo-
rally shifted to arrive at the clock output pin at least a
mimmum access time before a last rising edge 156 of the
plurality of data signals 150. Therefore, the method adjusts
the timing of a clock transition to arrive before a minimum
access time threshold for each and every one of the plurality
of data signals. For example, FIG. 11C 1llustrates an exem-
plary timing adjustment of fourth clock transition 168 (as
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shown 1n FIG. 11A), mm which the timing of fourth clock
transition 168 1s adjusted to arrive before minimum access
time threshold 157.

In addition, the method includes applying a signal to an
input pin ol the data interface, which 1s adapted to select
between predetermined control values and control values
output from a control signal generator during a calibration
process of the data interface. In some cases, such a signal
may be the select signal input to serial port input pin 505 (as
shown 1 FIGS. 5-7), 1n one example. Alternatively, such a
signal may be the select signal input to parallel port input pin
120a (as shown in FIGS. 9-10), 1n another example.

In some embodiments, the method may be performed
dynamically by transmitting and/or receiving portions of a
synchronous system. As such, the method may include
applying a logic value of the select signal, for example, to
choose control values output from a control signal generator
during a calibration process of the parallel data interface. In
such an embodiment, the synchronous system may initiate
the calibration process to determine a “best phase,” which
accurately samples each and every one of the plurality of
data signals received by the parallel data interface. Such a
calibration process may be described 1n more detail below 1n
reference to FIG. 12.

In other embodiments, however, the method may be
performed statically by a user of the synchronous system. As
such, the method may include applying an opposite logic
value of the select signal, for example, to choose predeter-
mined control values upon an 1mitial power-on sequence of
the synchronous system. In some cases, the applied signal
may select a predetermined “best phase,” which 1s hardwired
alter an mitial calibration process performed during a manu-
facturing step of the data interface. In other cases, the
applied signal may select a predetermined “best phase,”
which 1s rewired after a subsequent calibration process
performed by a user of the synchronous system. In any case,
the calibration process may be performed as described
below 1n reference to FIG. 12.

Alternatively, the signal may be applied for a predeter-
mined amount of time to select a predetermined “best
phase,” 1n some cases. In the data interface of FIGS. S and
7, for example, the calibrate signal may be applied to serial
port input pin 50c¢ for a predetermined amount of time. As
such, a timing correction may be performed statically by
selecting the width of the calibrate signal to coincide with a
“best phase” output from circular counter 72. In other cases,
however, distinct values of the signal may be applied
directly to mput pins of a test access port to select the
predetermined “best phase.” In the data interface of FIGS. 9
and 10, for example, J number of calibration signals may be
applied directly to parallel port input pins 1205. As such, a
timing correction may be performed statically by encoding
the J number of calibration signals into control signals that
select the predetermined “best phase.” In any case, the “best
phase” may be predetermined by a calibration process, such
as the calibration process described below 1n reference to
FIG. 12.

FIG. 12A 1llustrates a calibration process that determines
a “best phase” 1n which to sample a plurality of data signals
alter a minimum setup time threshold and before a minimum
hold time threshold. In FIG. 12A, the calibration process
includes applying a test pattern to one or more data paths of
a parallel data interface (step 200). For example, a known
test pattern may be applied as a plurality of data signals,
data, , to a plurality of data input pins (e.g., data input pins

I¥1?

32 of FIG. SA, or data input pins 102 of FIG. 10A) of the
data interface. In addition, the calibration process includes
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applying a clock transition to a clock path of the parallel data
interface (step 202). For example, the clock transition may
be reference clock signal, clk, ., applied to a clock mnput pin
(e.g., clock mput pin 34 of FIG. SA, or clock mput pin 102
of FIG. 10A) of the data interface. Furthermore, the cali-
bration process may apply one phase of a first plurality of
phases to the clock path before clocking an mput latch of the
parallel data interface (step 204). In some cases, the one
phase may be the reference phase, ¢,.» In other cases,
however, the one phase may be any other phase within the
plurality of phases generated by a phase generator, such as

phase generator 38 of FIG. 5 or phase generator 108 of FIG.
10.

Subsequently, the calibration process samples the test
pattern at the mnput latch of the data interface (step 206).
Next, the calibration process determines whether or not the
test pattern was accurately sampled. In other words, the
calibration process 1s adapted to detect the occurrence of a
bit-error (step 208) at the output of the data interface input
latch. As such, the data interface preferably includes bit error
detection circuitry, which 1s adapted to output an error
violation signal to an output pin of the data interface upon
detection of a bit error. In FIG. 5A, for example, data
interface 30q includes bit error detection circuitry 52, which
1s adapted to provide an error violation signal to serial port
test_out output pin 50e upon detection of a bit error. Like-
wise, data interface 100a of FIG. 10A includes bit error
detection circuitry 122, which 1s adapted to provide an error

violation signal to parallel port test_out output pin 120c¢
upon detection of a bit error.

In general, bit-error detection circuitry may be imple-
mented as a sequential or combinatorial logic block, how-
ever, a particular circuit implementation may vary depend-
ing on several factors. For example, the particular circuit
implementation may depend on the number of data paths 1n
the parallel data bus, the exact test pattern used in the
calibration process, and the method by which the data paths
are tested. In some cases, the bit-error detection circuitry
may test each of the plurality of data paths separately, as
illustrated 1n FIG. 10A. In other cases, the bit-error detection
circuitry may test two or more of the data paths at a time.
Alternatively, the bit-error detection circuitry may test sub-
stantially all of the data paths at once, as illustrated 1n FIG.
5A. In this manner, a circuit implementation of the bit-error
detection circuitry may differ depending on the system 1n
which the data interface 1s used, 1n some cases. In other
cases, however, the bit-error detection circuitry may be
implemented as a programmable logic device to improve the
adaptability of the data interface to substantially any syn-
chronous system.

After detection of a bit error (step 208), the calibration
process adjusts the timing of the clock transition by applying,
a different phase of the first plurality of phases to the clock
path before clocking the mput latch (step 210). Next, the
calibration process samples the test pattern with the adjusted
clock transition (step 206) and determines whether or not a
bit-error has occurred (step 208). If a bit error has occurred,
the calibration process continues with steps 206-210. If a bit
error 1s not detected, however, the currently applied phase 1s
recorded as a “valid phase” (step 212). Subsequently, the
calibration process determines whether or not substantially
all of the first plurality of phases have been applied to the
clock path (step 214). In some cases, €.g., when substantially
all of the first plurality of phases have not been applied, the

calibration process returns to step 210. In this manner, the
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calibration process continues with steps 206—214 until sub-
stantially all of the first plurality of phases have been
applied.

Subsequently, the calibration process may determine a
setup/hold time “phase window” for the one or more data
paths (step 216). In general, a setup/hold time *“phase
window” includes one or more phases, which adjusts the
clock transition to sample the test pattern without the
occurrence of a bit error. In particular, the setup/hold time
phase window” may include the one or more phases
recorded as “valid phases™ 1n step 212 of the calibration
process.

Finally, the calibration process includes choosing a setup/
hold time “best phase” within the setup/hold time “phase
window” (step 218). In general, the setup/hold time “best
phase” may be referred to as a select one of the first plurality
of phases (1.e., time delay pulses). In some cases, the select
one of the first plurality of phases may be chosen as
substantially any phase within the setup/hold time “phase
window.” For example, the select one of the first plurality of
phases may be chosen as the middle phase within the
setup/hold time “phase window.” In other cases, however,
the select one of the first plurality phases may be chosen as
the phase, which provides the longest setup and hold times
for substantially all of the plurality of data signals. Alterna-
tively, the select one of the first plurality of phases may be
chosen as the phase, which provides average setup and hold
times closest to the setup and hold time specification values
for a particular synchronous system.

FIG. 12B illustrates a calibration process that determines
a best phase 1n which to provide the sampled data signals to
output pins of the data interface after a minimum access time
threshold. In some cases, a first portion of the data interface
may be included within a transmitting portion, whereas a
second portion of the data interface may be included within
a receiving portion of the synchronous system. In such a
case, the calibration process of FIG. 12B may be performed
separately from the calibration process of FIG. 12A. There-
fore, similar to FIG. 12A, the calibration process of FIG.
12B may include applying a test pattern to one or more data
paths of a parallel data interface (step 220), and applying a
clock transition to a clock path of the parallel data interface
(step 222). Subsequently, the calibration process includes
applying one phase of a second plurality of phases to the
clock path after clocking an output latch of the data interface
(step 224). In one example, the one phase may be reference
phase, ¢,,, of the reference clock signal. In another example,
however, the one phase may be any other phase within a
plurality of phases generated by a phase generator of the data
interface.

In other cases, first and second portions of the data
interface may be included within transmitting and receiving
portions ol the synchronous system. In such a case, the
calibration process of FIG. 12B may be performed subse-
quent to performing the calibration process of FIG. 12A. As
such, a known test pattern and clock transition may be
previously applied in steps 200 and 202 of FIG. 12A.
Theretfore, the calibration process of FIG. 12B may begin
with applying one phase of a second plurality of phases to
the clock path after clocking an output latch of the data
interface (step 224). As such, the one phase may be a
setup/hold time “best phase,” 1.¢., the select one of the first
plurality of phases chosen in step 218 of FIG. 12A, in one
example. In another example, however, the one phase may
be any other phase within a plurality of phases generated by
a phase generator of the data interface.
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In any case, the calibration process continues by measur-
ing a time difference between the clock transition and the
test pattern. In general, a time diflerence can be measured
between the clock transition and active transitions of the test
pattern at output pins of the data interface. In FIG. 3B, for
example, a time difference can be measured between the
clock transition at clock output pin 60 and active transitions
of the test pattern at data output pins 58. Similarly, a time

difference can be measured between the clock transition at
clock output pin 130 and active transitions of the test pattern
at data output pms 128, as illustrated in FIG. 10B. In some
cases, a time difference can be measured between the clock
transition and each of the plurality of data paths separately,
as 1llustrated 1n FIG. 10B. In other cases, a time diflerence
can be measured between the clock transition and two or
more of the data paths at a time. Alternatively, a time
difference can be measured between the clock transition and
substantially all of the data paths at once, as illustrated 1n

FIG. 3B.

Subsequently, the calibration process determines 1f a time
difference 1s substantially less than or equal to a minimum
access time threshold (step 228). If the time difference is
substantially greater than the mimimum access time thresh-
old, the calibration process adjusts the clock transition by
applying a diflerent phase of the second plurality of phases
to the clock path after clocking the output latch (step 230).
Next, the calibration process measures the time difference
between the adjusted clock transition and the test pattern
(step 226) and determines 11 the time difference 1s substan-
tially less than or equal to a minimum access time threshold
(step 228). I the time difference 1s still substantially greater
than the mimimum access time threshold, the calibration
process continues with steps 226-230. If the time difference
1s substantially less than or equal to the mimimum access
time threshold, however, the currently applied phase 1s
recorded as a “valid phase” (step 232). Subsequently, the
calibration process determines whether or not substantially
all of the second plurality of phases have been applied to the
clock path (step 234). In some cases, ¢.g., when substantially
all of the second plurality of phases have not been applied,
the calibration process returns to step 230. In this manner,
the calibration process continues with steps 226234 until
substantially all of the second plurality of phases have been
applied.

Next, the calibration process determines an access time
“phase window” for the one or more data paths (step 236).
In general, an access time “phase window” includes one or
more phases which adjusts the clock transition to arrive less
than a minimum access time before each and every one of
the plurality of data signals. In particular, the access time
“phase window” may include one or more phases recorded
as “valid phases” in step 232 of the calibration process.

Finally, the calibration process includes choosing an
access time “best phase” within the access time “phase
window” (step 238). In general, the access time “best phase™
may be referred to as a select one of the second plurality of
phases (1.e., time delay pulses). In some cases, the select one
of the second plurality of phases may be chosen as substan-
tially any phase within the access time “phase window.” For
example, the select one of the second plurality of phases
may be chosen as the middle phase within the access time
“phase window.” In other cases, however, the select one of
the second plurality phases may be chosen as the phase,
which provides the longest access time for substantially all
of the plurality of data signals. Alternatively, the select one
of the second plurality of phases may be chosen as the phase,
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which provides an average access time closest to an access
time specification value for a particular synchronous system.

It will be appreciated to those skilled 1n the art having the
benelfit of this disclosure that this mvention 1s believed to
provide a parallel data interface and method for a synchro-
nous system. In general, the parallel data interface and
method provides a highly vanable, though controllable,
timing correction to a clock transition 1n order to accurately
sample each and every one of a plurality of data signals. In
particular, the parallel data interface and method provides
error-iree data transmission across a parallel data bus by
adjusting the clock transition by a relative amount of phase
delay, which allows each and every one of the plurality of
data signals to be sampled within timing requirements of the
synchronous system. Further modifications and alternative
embodiments of various aspects of the invention will be
apparent to those skilled 1n the art 1n view of this description.
It 1s intended that the following claims be interpreted to
embrace all such modifications and changes and, accord-

ingly, the specification and drawings are to be regarded in an
illustrative rather than a restrictive sense.

What 1s claimed 1s:

1. A data iterface, comprising:

a phase generator coupled to generate a plurality of time
delay pulses;

a phase selector adapted to select one of the plurality of
time delay pulses to adjust a clock signal to sample
cach of a plurality of data signals having dissimilar
transition times between transitions of the clock signal,
wherein the phase selector comprises a control signal
generator adapted to provide a control signal to the
phase generator to select the one of the plurality of time
delay pulses;

a latch coupled to receive a clock transition adjusted by
the select one of the plurality of time delay pulses;

a second phase generator coupled to generate a second
plurality of time delay pulses;

a second control signal generator coupled to modily a
number of the second plurality of time delay pulses and
a time difference between neighboring second plurality
of time delay pulses output from the second phase
generator; and

a plurality of data output pins coupled to receive the
plurality of data signals from the latch.

2. The data interface circuit of claim 1, wherein an
adjustable number of bits 1n the control signal determines a
number of the plurality of time delay pulses and a time
difference between neighboring time delay pulses.

3. The data interface circuit of claim 1, further comprising,
a test access port coupled to the control signal generator,
wherein signals 1put to the test access port enable the
control signal generator to begin a calibration process, or
alternatively, to provide previously calibrated control signals
to the phase selector.

4. The data interface circuit of claim 3, wherein the test
access port 1s a serial port comprising at least one mput pin
of the data interface.

5. The date interface circuit of claim 3, wherein the test
access port 1s a parallel port comprising a plurality of mput
pins of the data interface.

6. The data interface of claim 1, wherein the second
control signal generator 1s adapted to select, one at a time,
a different one of the second plurality of time delay pulses
to be applied to a clock output pin of the data interface.

7. The data interface of claim 6, wherein a time difference
1s measured between a transition of the different one of the
second plurality of time delay pulses and a transition of at
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least one of the plurality of data signals, and wherein the
time difference determines a select one of the second plu-
rality of time delay pulses to adjust the timing of a clock
transition coupled to the clock output pin, such that each and
every one of the plurality of data signals arrive at respective
data output pins after at least an access time threshold.
8. A data interface, comprising:
a first phase generator coupled to generate a first plurality
of time delay pulses;
a first control signal generator coupled to modily a
number of the first plurality of time delay pulses and a

time difference between neighboring first plurality of

time delay pulses output from the first phase generator;

a latch coupled to receive a clock transition adjusted by a
select one of the first plurality of time delay pulses for
sampling each and every one of a plurality of data
signals 1nput to the latch;

error detection circuitry adapted to provide an error signal
to an output pin of the data interface when a logic value
of at least one of the plurality of data signals output
from the latch does not equal a logic value of the at least
one of the plurality of data signals 1mput to the latch;

a second phase generator coupled to generate a second
plurality of time delay pulses;

a second control signal generator coupled to modily a
number of the second plurality of time delay pulses and
a time difference between neighboring second plurality
of time delay pulses output from the second phase
generator; and

a plurality of data output pins coupled to receive the
plurality of data signals from the latch.

9. The data interface of claim 8, wherein the select one of

the first plurality of time delay pulses adjusts the timing of

10

15

20

25

30

28

the clock transition, such that each and every one of the

plurality of data signals are sampled after a setup time
threshold and before a hold time threshold.

10. The data interface of claim 8, wherein the first control
signal generator 1s adapted to sequentially select each one of
the first plurality of time delay pulses until the select one of
the first plurality of time delay pulses does not cause the
error detection circuitry to produce the error signal.

11. The data interface of claim 8, wherein the first control
signal generator 1s adapted to programmably select a differ-
ent one of the first plurality of time delay pulses until the
select one of the first plurality of time delay pulses does not

cause the error detection circuitry to produce the error
signal.

12. The data interface of claim 8, wherein the second
control signal generator 1s adapted to select, one at a time,
a different one of the second plurality of time delay pulses
to be applied to a clock output pin of the data interface.

13. The data interface of claim 12, wherein a time
difference 1s measured between a transition of the different
one of the second plurality of time delay pulses and a
transition of at least one of the plurality of data signals, and
wherein the time difference determines a select one of the
second plurality of time delay pulses to adjust the timing of
a clock transition coupled to the clock output pin, such that
cach and every one of the plurality of data signals arrive at

respective data output pins after at least an access time
threshold.
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